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TZ/E\ The T2K Experiment

Super-Kamiokande
(ICRR, Univ. Tokye)

e Neutrino Beam from j-parc
— Beam power 50 — 190 kW

e Detector 280m from target
— Run 1&2 analysed (2010/11)
— 1.43x10%20 p.o.t. (this analysis) / 3.01x10% p.o.t. (now)
— 5% of expected total
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T2/K Producing Neutrinos ND280,
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T2K\ NA61/SHIN

 hadron(, K) yield ~13m
- 30GeVp+C
e High-acceptance
— ToFs and spectrometers
e 2cm thin target (4% 1)) . , 2
o TV OﬂOlYSiS: M*fil l ------- e e e 5
| | 3

— dE/dx only analysis
low momenta |
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- |
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ToF-F

(Phys.Rev.C84.2011.034604)

— dE/dx+ToF analysis
high momenta

(Phys.Rev.C85.2011.035210)

dE/dx [mip]

o(p)/p® ~2x 1073, Tx 1073, 3 x 1072(GeV/c)
forp>5,p=2,p=1GeV/c

m? [GeV?/c")

o G e {0

o(dE/dx)/(dE/dx) ~ 0.04 ) preeviy ll
O'(TOF-F) ~ 115 pS dE/dx at low momentum 1 ‘. ]Aj )
dE/dx + ToF dE/dx [mip]
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.I_ZJK\ Predicted Flux NDZBOI

. fluxes in analysis region
dommo’red by pion decays

— Kaons important in tail

- v _fluxin analysis region
dominated by muons
— From decay chain

— Primary pions modelled with NA61 e O R SPRUS SH
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T2/K\

ND280 detector

e 0.2Tmagnet (recycled from UAT)

UA1 Magnet Yoke

SMRD

e Plastic scinfillator detectors:

Fine Grained Detector (FGD)

e 1.6 ton fiducial mass for analysis
n0 detector (POD)

ECals and SMRD

[l
FGDs

N

] (lo

_:i;_ejo,ﬂ_;"———"y,/

\ -~
Downstream

ECAL

Solenoid Coil

e Time projection chambers (TPC)
— <10% dE/dx resolution
— 10% momentum res. at 1GeV/c

* Analysis use v ,-CC event rafe in
FGD

Barrel ECAL

= MC muons
MC electrons
-—= MC protons

WA A

FGD2

1 qQuasi-elastic candidate

= 500 400 600 800 1000 1200 1400 1600 1800 2000
p (MeV/c)
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T2/K CC Interaction
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T2/K\ CC Event Selection

e Good data quality

e At least one negative frack in TPC Efficiency = 507%
e Track starts in fiducial volume of FGD Purity = 88%
e dE/dx compatible with muon

e No significant activity upstream of FV
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T2/K\ Selection Efficiency

e Simple selection

e Litffle reconstruction efficiency for backward or high
angle tracks

e Largely independent of signal composition
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T2/K\ Cross Section Formalism

e Flux averaged differential Cross Section

# of interactions

in true bin
: 0%o T N ot
Op,,0 cos b, & TloAp, kA cosl,

# of target flux
nucleons

e Complications
— True energy and momentum are unknown
— Background in sample

e Solution
— Subftract background
— "unfold” limited resolution in momentum and angle
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..I_zJiZ\ Bayesian Unfolding ansol

# of interactions G. D' Agostini
, in tr.uetbln arXiv:1010.0632
in .
< oato) >kl _ Nkl 2D binning: (k,1) h C (7]
dp, 0 cos b, 1 PAp, A cosb,
## of target flux
nucleons
Method
Unfolding unfolding
: background
ngtnx in rgc. bin
N]icnt ~ N, = kJ(N;el — Bj) ID binning:k  4mmmp
_ €k ## of sel.
efficiency events

unfolding based on Bayes’ theorem

P(J IA')P(]{) Ukj = Pl'Obablllty to reco. (] index)

Pl have an interaction in bin k,
E : (J |a) when having reconstructed the event in bin |
(8]

Ur; = P(klj) =
true (k index)
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TZ/E\ Migration Matrix

NDZBOI
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T2 Systematic Uncertainties

B, (GeV/c) cos B, algo. (o) X-S det. FSI | syst stat tot
R) (%) (%) (B) (%) | (&) | (%) || (%)
[0.0,0.4] [—1,0] 0.53 1140 17.99 213 046 | 21.43 | 2.04 || 21.53
[0,0.84] 0.62 12.79 552 365 121 | 1449 | 495 || 15.31
[0.84,0.90] | 0.26 13.13 10.76 2.73 1.41 | 17.28 | 9.52 || 19.72
[0.90,0.94] | 1.21 14.05 10.73 5.02 3.55 | 18.78 | 12.26 || 22.42
[0.94,1] 022 1403 1294 494 297 | 19.96 | 14.72 || 24.80
[0.4,0.5] [—1,0] 1.32 1198 3947 272 0.87 | 41.38 | 3.19 | 41.50
[0,0.84] 0.17 1139 569 130 0.34 | 12.83 | 4.20 || 13.50
[0.84,0.90] | 0.01 1136 499 1.01 042 | 1248 | 8.61 15.16
[0.90,0.94] | 0.82 11.66 538 1.28 0.51 | 12.97 | 10.08 || 16.43
[0.94,1] 0.55 13.11 7.19 227 092 | 1519 | 11.74 || 19.19
[0.5,0.7] [—1,0] 0.63 1260 46.13 1.86 0.42 | 47.87 | 8.48 || 48.62
[0,0.84] 033 11.13 3.79 1.09 037 | 11.84 | 3.78 || 12.43
[0.84,0.90] | 0.41 10.85 344 0.82 030 | 1145 | 6.18 || 13.02
[0.90,0.94] | 048 11.01 573 0.81 035 | 1248 | 7.28 || 14.45
[0.94,1] 052 1164 1145 1.09 0.28 | 16.39 | 7.91 18.20
[0.7,0.9] [—1,0] 3.63 1353 14834 1.97 0.57 | 149.02 | 32.74 || 152.57
[0,0.84] 059 1138 3.17 1.10 041 | 11.91 | 5.07 || 12.95
[0.84,0.90] | 0.56 10.92 588 0.83 0.20 | 1247 | 6.84 || 14.22
[0.90,0.94] | 0.31 10.72 11.13 1.05 046 | 1552 | 7.68 || 17.32
[0.94,1] 0.19 1100 17.59 093 039 | 20.79 | 6.97 || 21.93
[0.9,30.0] [—1,0] - - - -
[0,0.84] 020 1188 561 137 0.63 | 13.26 | 5.44 || 14.33
[0.84,0.90] | 0.03 11.34 249 0.87 0.25| 11.68 | 5.85 | 13.06
[0.90,0.94] | 0.18 11.13 227 0.71 036 | 11.42 | 5.18 || 12.54
[0.94,1] 020 1093 231 075 026 11.24 | 293 || 11.61
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T2 Differential Cross Section LML

T:Target, FSI: Final State Interaction det.: detector, x-s: cross-section, algo: unfolding algorithm
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T2 Total Cross Section
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.I_ZJK\ Summary & Conclusion NDZBOI

e T2K has presented its first cross section measurement
— CC Inclusive

Cm2

= (6. . . 10~
(occ)e = (6.93 £0.13(stat) + 0.85(syst)) x 10 o= y—

— Systematically limited

e Significant improvements are possible
— Reduced flux systematics
— Increased acceptance
— Larger data set
— Exclusive channels & model studies
— Using water target
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T2 Generator Dependence
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TZ/E\ Flux Systematics

sources Max. Error Min. Error Norm. Error
(%) (%) (%)
Kaon 16.7 0.4 0.8
Pion 6.1 0.6 5.0
Proton beam 5.1 0.2 1.1
Off-axis angle 5.4 0.1 1.6
Horn ang. align. 1.0 0.2 0.5
Horn field assym. 6.7 0.01 0.3
Cross-sec. production 7.8 4.5 6.4
Horn abs. current 1.9 0.4 0.9
Target align. 2.6 0.05 0.2
Sec. nucl. production 8.5 2.9 6.9
Total 19.6 8.9 10.9

Flux error matrix

=

0 T T ==
bin 0-10 : ND280 v, L A
bin 11-12: ND280 anti-v, e ey 0.16 %
bin 13-19: ND280 V. o014 2

bin 20-21: ND280 anti-V.

bin 22-32: SK v,

bin 33-34: SK anti-v
bin 35-41:SK Ve | - | , »

bin 42-43: SK anti-Ve 10 g s oy s, s Ul i o)

0 10 20 30 40 50 70 80
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T2 Cross Section Systematics  pLZEL

P, (GeV/e)  cosf, | MZ® MZEES ngshe SF Pp AW pdd 17°% | total
%) () ) (B (&) (B) (B) (&) | (%)
[0.0,0.4] [—1,0] | 1344 104 322 868 299 303 029 392 | 17.35
(0,0.84] | 1.53 077 206 063 071 085 062 238 | 385
[0.84,0.90] | 6.69  1.10 093 243 034 097 344 451 | 927
[0.90,0.94] | 500 135 283 103 148 063 088 404 | 745
(0.04,1] | 256 120 241 370 214 029 142 456 | 7.41
[0.4,0.5] [—1,0] | 3360 060 406 1875 6.17 0.52 068 1.37 | 39.30
(0,0.84] | 333 047 157 329 084 0.13 060 037 | 5.09
(0.84,0.90] | 348 063 065 081 057 061 045 075 | 3.88
0.90,0.94] | 1.78 045 251 238 394 096 083 024 | 570
[094,1] | 191 116 380 155 1.83 051 027 028 | 506
[0.5,0.7] [—1,0] | 3870 218 248 1033 591 0.84 184 0.88 | 40.69
(0,0.84] | 274 039 097 159 056 077 0.09 004 | 3.47
(0.84,0.90] | 1.18 054 133 049 023 064 019 047 | 2.10
0.00,0.94] | 1.07 053 100 571 0.19 0.16 012 041 | 594
(094,1] | 127 062 284 920 1.68 0.79 097 053 | 9.97
0.7,0.9] [—1,0] [159.27 204 0.19 1591 4.68 342 399 0.70 | 160.23
(0,084 | 169 006 015 035 037 068 058 047 | 2.04
(0.84,0.90] | 1.34 090 1.12 428 077 081 030 026 | 4.86
[0.00,0.94] | 1.59 081 097 1044 0.63 1.36 0.08 041 | 10.74
[0.94,1] | 1.40 090 206 1661 1.86 1.10 032 084 | 16.99
[0.9,30.0] [—1,0] - - - - - - - - -
(0,084 | 258 091 068 156 0.00 031 028 035 | 327
(0.84,0.90] | 145 027 017 082 024 008 006 045 | 177
[0.00,0.94] | 091 005 020 060 039 036 011 002 | 1.24
[0.94,1] | 1.13 013 034 136 033 012 011 033 | 1.88
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T2 Detector Systematics

B, (GeV/c) cos Pscale Qconf sandmu Pdist OOFV PiAbs fgdTpcEff fgdM | total
o) (%) o) ) ) (%) (%) (%) | (%)
[0.0,0.4] [-1,0] | 031 059 027 037 188 063 0.81 2.29
[0,0.84] 1.56 0.31 0.12 0.90 3.39 0.57 0.64 3.95
[0.84,0.90] | 1.17 0.23 0.12 0.75 2.30 0.38 0.45 2.76
[0.90,0.94] | 1.33 0.29 0.68 087 429 0.46 0.54 4.68
[0.94,1] 1.42 0.32 0.42 097 4.14 0.43 0.49 4.56
[0.4,0.5] [—1,0] 0.70 0.57 0.35 0.59 227 0.63 0.80 2.74
[0,0.84] 0.18 0.22 0.03 0.67 1.04 0.39 0.48 1.41
[0.84,0.90] | 0.45 0.12 0.04 0.46 0.56 0.20 0.23 0.91
[0.90,0.94] | 0.56 0.11 0.14 0.61 0.90 0.21 0.24 1.28
[0.94,1] 0.89 0.22 0.13 0.94 1.99 0.37 0.42 2.45
[0.5,0.7] [-1,0] | 0.11 056 043 059 128 057 0.77 1.85
[0,0.84] 0.33 0.19 0.03 049  0.67 0.33 0.40 1.05
[0.84,0.90] | 0.06 0.10 0.03 0.28  0.55 0.20 0.22 0.70
[0.90,0.94] | 0.08 0.10 0.15 0.40  0.53 0.19 0.23 0.76
[0.94,1] 0.22 0.12 0.19 043  0.71 0.23 0.27 0.96
[0.7,0.9] [—1,0] 0.28 0.53 0.20 1.02 0.91 0.34 0.56 1.64
[0,0.84] 0.55 0.18 0.08 0.63 0.65 0.28 0.37 1.18
[0.84,0.90] | 0.17 0.12 0.02 0.71 0.36 0.24 0.26 0.89
[0.90,0.94] | 0.09 0.12 0.05 0.77 0.30 0.22 0.22 0.90
[0.94,1] 0.10 0.10 0.03 0.51 0.36 0.18 0.19 0.70
0.9, 30.0] [—1,0] - - - - - - - N
[0,0.84] 0.58 0.26 0.07 0.58  0.82 0.24 0.37 1.27
[0.84,0.90] | 0.30 0.19 0.10 043 041 0.19 0.28 0.78
[0.90,0.94] | 0.16 0.22 0.05 0.41 0.31 0.17 0.24 0.66
[0.94,1] 0.07 0.39 0.12 0.25 0.27 0.19 0.26 0.64
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